In order to better understand the fundamental biology of Bacillus thuringiensis, a single oligonucleotide primer (5 0 -CATS-SCCATCAASYTAAVR-3 0 ) was used to investigate the distribution pattern of IS231 elements in B. thuringiensis by PCR. The results indicated that IS231 elements appeared in 20 standard strains and 107 of 111 China isolates. Three novel IS231, IS231J, IS231O and IS231Q, five variants and a mobile insertion cassette MICBth4 were cloned from eight standard strains of B. thuringiensis, respectively. Interestingly, BLAST analysis revealed that the 5 0 end of novel IS231J shared 99% identity in 495-bp with a DNA segment adjacent to the 3 0 end of B. thuringiensis vip1Ac gene (GenBank Accession No. AY245547). Two phylogenetic trees of IS231 elements were constructed and analyzed by neighbor-joining and UPGMA methods from PHYLIP 3.6b program, respectively.
Introduction
The leading biorational pesticide, Bacillus thuringiensis, is a ubiquitous Gram-positive, spore-forming bacterium that forms a parasporal crystal during the stationary phase of its growth cycle [1] . With the development of studies of molecular genetics of bacterial pathogenesis over recent years, B. thuringiensis species have been found to harbor a large variety of transposable elements, including several insertion sequences (ISs) [2] [3] [4] [5] [6] [7] . It is a remarkable observation that virtually most of the genes coding for these parasporal crystal proteins are plasmid-borne and are generally structurally associated with insertion sequences (IS231, IS232, IS240, ISBt1 and ISBt2) and transposons (Tn4430 and Tn5401) [1, 7, 8] .
To date, several insertion sequences IS231 from B. thuringiensis have been characterized. They are bounded by inverted repeats (IRs) and their transposon module consists of transposase gene (tnpA) [9] [10] [11] [12] [13] [14] [15] [16] . Like the other IS4 family members, they contain a conserved transposase-integrase motif (DDE motif) [7] . IS231A from B. thuringiensis is functional in Escherichia coli and preferentially inserted into the IRs of the transposon Tn4430 in B. thuringiensis [17, 18] . Using IS231-derived sequences, prior study has suggested B. cereus group bacteria could be successfully differentiated [19] . However, little is known about the transposition mechanism of IS231 elements [8] .
While there is a wealth of information on insertion sequences, there are only limited data on phylogenetic analysis of IS231 elements and distribution pattern of IS231 among B. thuringiensis strains isolated from different ecosystems of China. The aim of this work was to obtain data informative for the distribution of iso-IS231 in different serovars and China isolates of B. thuringiensis, enlarge the spectrum of IS4 family and find out the phylogenetic relationship between IS231 elements.
Materials and methods

Bacterial strains and plasmids
All standard strains of B. thuringiensis used in this work were listed in Table 1 . The standard strains and 111 China isolates of B. thuringiensis were obtained from the Chinese Academy of Forestry (Beijing, China). E. coli JM109 and pMD18-T vector (TaKaRa, Japan) were used for molecular cloning experiments. LuriaBertani (LB) medium was used for the growth of bacterium. All strains (except for E. coli) were cultivated at 30°C while E. coli strains were grown at 37°C.
DNA sample preparation and PCR conditions
Total DNA sample preparation from B. thuringiensis for PCR was adapted from Carlson et al. [20] .
Since most IS231 elements display short conserved IR sequences at their ends, their rapid detection can be easily achieved by PCR amplification, using a single oligonucleotide primer. Based on the available DNA sequences of the different B. thuringiensis IS231, a primer 5 0 -CATSSCCATCAASYTAAVR-3 0 (S = G/C, Y = T/C, V = G/C/A, R = G/A), designated primerIS4, was used for the detection of iso-IS231 and tested on the control strain B. thuringiensis subsp. israelensis from which the IS231F originated.
PCR amplifications were performed in 50 ll reaction volumes containing 2 ll 10 mM primer, 1 ll 10 mM dNTP, 5 ll 10 · PCR reaction buffer, 6 ll 20 mM MgCl 2 , 50 ng of total DNA, 0.5 ll Taq DNA polymerase (Promega Ò , 5 Ull À1 ) and sterilized Milli-Q purified water up to 50 ll. The cycling program consisted of an initial denaturation at 94°C for 5 min, followed by 30 cycles of 94°C for 1 min, 47°C for 1 min and 72°C for 3 min and an extra extension step of 72°C for 10 min.
IS231-like elements detection
After the amplifications, each PCR sample (10 ll) was analyzed by agarose gel electrophoresis. Sizes of the DNA bands were estimated by comparison to phage kDNA, cleaved by Eco1301I.
Molecular cloning
In order to obtain novel IS231 elements from B. thuringiensis, nine PCR products were cloned in pMD18-T vector (TaKaRa, Japan). Recombinant plasmids were introduced into E. coli JM109 by transformation and transformants were selected on LB agar containing ampicillin and screened for the presence of the IS231-related sequence by PCR and BamHI/HindIII restriction enzymes. DNA sequences were determined on double strands by primer walking. Automated DNA sequencing was done on the ABI PRISM Model 377 DNA system.
Data and phylogenetic analysis
The search for homologous genes was accomplished by using the BLAST network service of the National Center for Biotechnology Information (NCBI) [21] . The deduced amino acids sequences including the DDE motif of the transposase of iso-IS231 elements were manually aligned on the basis of Clustal-W alignments [22] . Phylogenetic relationship of IS231 elements was inferred from the PHYLIP package (version 3.6b) [23] . Bootstraps were obtained with the SEQBOOT program (1000 data sets were generated) and distance matrices were generated with the PRODIST program (Jones-Taylor-Thornton matrix). Neighbour-joining 
Nucleotide sequence accession numbers
The GenBank Accession Nos. of the nucleotide sequences of three novel IS231, IS231J, IS231O and IS231Q, five iso-IS231, iso-IS231A, iso-IS231C, iso-IS231D, iso-IS231E and iso-IS231F, and a mobile insertion cassette MICBth4 consisting of a 5 0 truncated glycogen phosphorylase gene (glgP) determined in this study were AY566168, AY566171, AY566173, AY566169, AY566174, AY566172, AY566170, AY255676 and AY566175, respectively.
Results and discussion
Occurrence of IS231 elements
The distribution of many insertion sequences within and between various bacterial species had often been investigated as part of the initial characterization of a new element, usually by simple Southern hybridization [8, 25] . However, since the IS231 elements were delimited by conserved and specific inverted repeats, the use of primers corresponding to these ends allowed their rapid isolation by PCR amplification.
In the present study, the distribution of IS231 insertion sequences (ISs) and their variants had been investigated in 131 strains of B. thuringiensis whose cry gene-type had been determined by PCR-RFLP method (data not shown). Specific DNA fragments were amplified from B. thuringiensis total DNA using primerIS4. The results illustrated that 20 standard strains harbored IS231 elements (data not shown). Among 111 B. thuringiensis strains isolated from different ecosystems in China, 107 had the insertion sequence IS231-like structure in the genome (data not shown). Hence a proportion of strains harboring iso-IS231 constituted more than 96% of all examined strains. It was also proved that the distribution of IS231 was wide and no strain, serotype or cry gene-specific in the B. thuringiensis strains. This data agreed with the result reported by other authors [5, 25] .
Previous study showed that fingerprints for B. thuringensis gave a 1650-bp product, characteristic of IS231 variants A-F, using the conserved 20-bp inverted repeat of IS231 variants as PCR primer [19] . In the present work, however, the results showed that several strains produced more than one band of PCR products in agarose gel electrophoresis (data not shown). This may be due to the difference of tested strains.
Data analysis of novel IS231
Based on the DNA bands detected by agarose gel electrophoresis, the IS231 sequences of the tested strains seemed to be highly homologous. To determine whether the IS elements in the strains from specific subspecies shared sequence similarity and enlarge the spectrum of IS231 elements, three novel IS231, IS231J, IS231O and IS231Q, five iso-IS231, iso-IS231A, iso-IS231C, iso-IS231D, iso-IS231E and iso-IS231F, and a mobile insertion cassette MICBth4 were cloned from standard strains of B. thuringiensis subsp. morrisoni, wenquanensis, pakistani, dendrolimus, kurstaki, finitimus, finitimus, israelensis and shandongiensis, respectively. These sequences had been deposited into IS Finder database (http://www-is.biotoul.fr/) and obtained above nomenclature from the administrators.
A pair of IRs containing the synthetic nucleotide sequence was identified at both terminal of these clones (data not shown). Variations of the IS231-like sequence were found among the different strains. The nucleotide sequence of IS231J was 96% identical with that of IS231F. Sequence analysis indicated that the ORF of IS231J began at nucleotide 95 (start codon) and ended at nucleotide 979 (stop codon) while the ORF of IS231F began with an ATG triplet (nucleotides 96-98) and terminated with a TAA stop codon (nucleotides 1529-1531) [16] . Further study showed that IS231J lacked the corresponding nucleotides in position 892-953 of IS231F [16] . Hence, the deduced amino acid sequences shared only 50% identity with each other. This may indicated a deletion event. Interestingly, BLAST analysis confirmed that the 5 0 end of IS231J shared 99% identity in 495-bp with a DNA fragment adjacent to 3 0 end of B. thuringiensis vip1Ac (GenBank Accession No. AY245547). Thus, IS231J may be involved in viplike virulence gene transfer in B. thuringiensis. Sequence analysis showed that the deduced amino acid sequences of IS231O and IS231Q were 85% and 92% identical to that of IS231P and IS231F while the iso-IS231A, iso-IS231C, iso-IS231D, iso-IS231E and iso-IS231F obtained in this study shared 99%, 99%, 69%, 100% and 94% identity with IS231A, IS231C, IS231D, IS231E and IS231F, respectively [9, 10, 16] . All of the novel iso-IS231 (except for the mobile insertion cassette) had a typical DDE domain, which contained three carboxylate residues that were believed to be responsible for coordinating metal ions needed for catalysis [8] .
Surprisingly, sequence analysis revealed that a 1550-bp DNA fragment cloned from B. thuringiensis subsp.
shandongiensis contained two open reading frames (ORFs) that could code for polypeptides of 371 (ORF1) and 327 (ORF2) amino acids, separately. The deduced amino acid encoded by the ORF1, which spanned nucleotides 46-1161, was 100% identical with C-terminal end of Glycogen phosphorylase from E. coli K12, Shigella flexneri 2a str. 301 and S. flexneri 2a str. 2457T. Since the ORF2, which was located in the antisense strand 1140-157, did not show significant identity with known genes and putative promoter region, and RBS could not be found in its upstream sequence, the ORF2 was not likely to be an active gene. Blast analysis showed that it shared 100% identity in 1521-bp with glycogen phosphorylase (glgP) gene of E. coli K12. Hence, a mobile insertion cassette, designated MICBth4, consisting of 5 0 truncated glgP gene delimited by two 19-bp inverted repeats (only one mismatched nucleotide) of IS231 was found in B. thuringiensis subsp. shandongiensis. Whether this novel genetic entity is able to transpose in B. thuringiensis will be further investigated. A naturally occurring similar assemblage consisting of two IS231 ends flanking a Dstereospecific endopeptidase (adp) gene was found in several natural isolates of B. cereus, too [26] . The presence of partial glgP gene inside a mobile cassette may represent the archetype of a novel insertion sequence organization or the chromosome rearrangement between an IS231-like element and a glycogen phosphorylase gene.
Phylogenetic analysis
The transposase proteins (TnpA) had successfully been used to study the evolutionary relationship among various insertion sequences [8] . Thus, two dendrograms based on neighbor-joining and UPGMA analysis from the PHYLIP program were generated by comparing the TnpA protein sequences deduced from the coding regions of our isolates (excluding iso-IS231E and MICBth4) with most of previously determined IS231 elements, respectively (Fig. 1) . Since IS1151 from Clostridium perfringens shared highly homology with IS231 from B. thuringiensis [27] , it was used as outgroups in the analysis.
The resulting phylogenetic trees both exhibited four major distinct clusters (Cluster A-D for the tree based on neighbor-joining method; Cluster a-d for the tree based on UPGMA method). Clusters B, D, b and d corresponded to IS231 elements, including seven novel IS231 obtained in this study, from B. thuringiensis except for IS231-2 from B. cereus (Cluster B). That is, the position of IS231-2 on the phylogenetic trees was dependent on the methods of phylogentic analysis applied. Hence, the analysis result confirmed that these novel ISs were authentic insertion sequences closely related to other members of the IS231 elements isolated from B. cereus group. Interestingly, both clusters C and c presented 3 IS231 in two distinct B. anthracis isolates and IS231E found in B. thuringiensis subsp. finitimus [16] . Both clusters A and a included IS231 To facilitate the analysis, the IS231 from Bc are artificially renamed. iso-IS231E transposase, which is 100% identity with that of IS231E, is not presented in this study. Due to the uncertain CDS, IS231G, IS231H, IS231M and IS231N are excluded from the analysis. elements from B. thuringiensis, B. cereus and B. anthracis. The taxonomic relationship between B. cereus and B. thuringiensis species was not yet entirely clear. Prior studies showed that it was difficult to develop a reliable molecular method for the differentiation of B. cereus and B. thuringiensis strains except for the cry gene or crystal protein assay, although other authors suggested that genome differences could distinguish B. anthracis from B. cereus and B. thuringiensis [28, 29] . Some recent work proposed that B. cereus and B. thuringiensis should be considered as one species on the basis of genetic evidence [28] . The results obtained here also implied the close relationship between these three bacteria. Insertion sequences of IS231A, IS231C, IS231D, IS231E, IS231F and IS231V had been used in the construction of dendrogram of IS4 family previously [8] . When it came to the IS231 elements, the phylogenetic tree based on UPGMA method obtained in this study was highly similar to their result.
